Developmental aspects of monocyte and meutrophll chemotaxis were evaluated by the a g m s e and the Boyden chamber methods. Simultaneous measurements of both the distances and the cell counts were carried out by the agarose method.
Consequently, there has been a remarkable proliferation of reports on the clinical cases of chemotactic defects. Inasmuch as chemotactic defects can occur as a result of humoral. inhibitors (25) or defective generation of chemotactic factors (13, 21) , they are usually the result of intrinsic cellular abnormalities that can bc either congenital. or acquired. Most of the reported chemotactic deficiency diseases are encountered in the childhood period (7, 22) . Recent studies have clearly shown that developmental alterations occur in neutrophil and monocyte chemotaxis during the nconntal period (12, 15, 17, 19, 20, 24, 26) but studies on the developmental aspects of chemotaxis after the neonatal period are rare (I, I I, 14) .
This study was undertaken to explore the development of neutrophil and monocyte chemotaxis during childhood.
MATERIALS AND METHODS
25 healthy adults (18-36 years) by the Boyden chamber method. Neutrophil chemotaxis was evaluated in nine separate cord blood samples, 119 normal infants and children ( 6 1 7 years), and 46 healthy adults (18-36 years) by the agarose method. None of the children or adults were given any drugs or vitamins at least 3 days before the test, Individuals with malnutrition or with signs of infection were not included. After the approval of Human Experimentation Committee of Hacettepe ~n i v e r s i t~, informed consent was obtained from the families and children.
Heparinized (20 units/ml) peripheral blmd samples were obtained horn a peripheral vein. Mononuclear and polymorphonuclear rich cells were obtained by the two-step technique described by Boyum (5) . After washing three times in medium 199 (2X), PMNs were suspended in the same medium at a final mncentration of 3 x lQ7/ml for the agarose and 5 X lOb/ml for the Boyden chamber methods. Mononuclear cells contained approximately 75% lymphocytes, 25% monocytes (MN) and less than 3% PMNs. MNs were further estimated b perexidase staining (9) and MN lJ counts were adjusted to 3 x I /ml in med 199.
ChemoracticJ~cror. Pooled AB serum was activated with Zyrnosan-A (29) at the concentration of 5 mgJml at 37°C Tor 45 min and this zymosan activated serum (ZAS) was divided into small aliquots (0.2 ml) and stored at -20°C until use. The same ZAS sample was used during the entire study period.
CHEMOTAXIS ASSAYS
Boyden chamber method. Monocyte chernotaxis was assessed by the Boyden chamber technique (4) using Skyes Moore chambers (30) . Briefly, 0.5 ml MN cell suspension (1.5 X 10") was added to the upper chamber separated from the chernotactic factor (0.5 ml of 10% ZAS in med 199) by a millipore filter of 5 pm pore size (31). After incubation for 90 min at 37°C in a 5% COZ atmosphere, chemotaxis was evaluated by the leading Front method described by Zigmond and Hirsch (27) . The distance between the upper surface o f the filter and the three most advanced cells in five different fields of each filter were measured and the mean of the values were given in microns.
PMN chemotaxis was determined simultaneously by the Boyden chamber and the agarose method in nine separate cord blood samples, 4 newborns, 12 infants, and 15 adults. Briefly, 0.5 ml PMN cell suspension (2.5 x l b ) was added to the upper chamber. The lower compartment was filled with 0.5 rnl oC 10% ZAS. Threemicron pore size millipore filters (3 I ) were used and the incubation time was 1 h. The results were evaluated by the method described above.
Agorose method Neutrophil chemotaxis was aswssed by the agarose method described by Nelson et a ! . (18) with some modifications. Five rnl of 1% agarose (32) in med 198 supplemented with 0.2% bovine serum albumin and 750 pg/rnl NaHC03 is plated in a disposable plastic petri dish (33) 50 rnm in diameter. Six series of three wells. 3 rnm in diameter and 3 rnm apar!, were made. Ten microliters of ZAS was added to &he outer wells 1 h before the cell suspension in order to establish a chemotactic gradient. Ten micrbliters of cell suspensions (2.5 x l o 5 were added to the central wells and 10 pl of med 199 to all the inner Monocyte chernotaxis was determined in nine separate cord wells. Med I99 was added to both the inner and outer wells in blood samples. 103 normal infants and children (0-17 years), and order to evaluate the random migration. The agarose plates were YEGIN incubated for 3 h at 37OC in a 5% COz atmosphere. Chemotaxis was evaluated with the aid of an ocular grid of (50 x 10) x (50 x 10) p m diameters. The grid was centered on the apex of the cell well and both the distance of the three most advanced cells, in one horizontal plane, measured from the edge of the central well, and cell counts in the vertical ocular grid area were determined by moving the ocular grid towards the outer well. Previous experiments showed good correlation between total cell counts and cell counts in the ocular grid area (correlation coefficient r = 0.934, data not shown here). Replicate determinations differed less than 10%. All assays were made in duplicates. In the statistical comparisons the P values <0.05 were considered to be significant and statistical significance was determined by both the student t test and Wilcoxon rank sum test (8) .
RESULTS
Results of monocyte chemotaxis studies in different age periods are shown in Figure 1 . Monocyte chemotaxis increased gradually during early childhood and reached to adult levels after a 2-5 year period.
PMN chemotaxis was significantly lower than adults in cord blood and newborns (Fig. 2) . PMN chemotaxis increased gradually after this period and distance measurements reached adult values in a 2-5 year period, whereas cell counts were still significantly lower than adults. Differences between adults and children were more striking in reference to cell count determinations than distance measurements (Fig. 2) . Both cell count and distance parameters reached to adult values in a 6-10 year period.
PMN chemotaxis, when tested by the Boyden chamber method, was also significantly lower in 14 newborns (54 f 12 pm) when compared with 15 adults (75 f 1 1 pm) ( P < 0.001).
The Boyden chamber and the agarose methods correlated well (r = 0.7 13, P < 0.01) as pertaining to distance measurements. Cell counts and distance measurements in the agarose method also showed good correlation (r = 0.846 P < 0.001) both in the newborn and adult groups, but the distance/cell count ratio was significantly higher (I .6 1 + 0.45) in newborns than in adults: (1.13 + 0.16) ( P < 0.001).
Chemotactic indices (chemotaxis/random migration) in children for both cell count and distance were found to be significantly lower than adults until 6 years of age (Fig. 3) .
Neutrophil random migration showed conflicting results with the two methods and three evaluation types. There was no difference in distance measurements between adults and newborns in in 46 adults P < 0.03) were found to be significantly lower than adults. In all parameters of neutrophil random migration, no difference was found between adults and children after 5 months of age.
DISCUSSION
This study confirms and extends previous studies that demonstrate developmental defects in monocyte and neutrophil chemotaxis of the human newborn.
There are scantly and contradictory studies available with regard to the chemotactic mobility of monocytes in healthy newborns and children (1 1, 12, 14, 19,26) . The depressed chemotactic activity of monocytes during the early childhood period described in this study is in agreement with the report of Klein et al.
( 1 1) and Weston et al. (26) . In the study of Klein et al. (1 1) monocyte chemotaxis reached adult values after 11 years of age, whereas in this study monocyte chemotaxis reached adult values after 6 years. This variation can be explained by differences of the methods applied, genetic, and socioeconomic differences between the two populations studied. Data reported by Marodi et al. (14) are somewhat difficult to interpret. They found decreased monocyte chemotaxis in newborns when the lower surface evaluation method was used. This difference disappeared in the 3-5-year age group. When leading front evaluation was used, no difference was found between all age groups tested.
The results of this study are parallel to previous data reported from many laboratories, which demonstrated relative deficiency of neutrophil chemotaxis in newborns studied by different chemotaxis methods (1, 11, 17, 19, 20, 24) . With the exception of the newborn period, studies on neutrophil chemotaxis during early childhood are rare (1, 11).
Klein et al. (11) reported that neutrophil chemotaxis values during the entire childhood period are significantly lower than those of adults. Our results obtained in neonatal period agree with this report but neutrophil chemotaxis reached to adult values after a 2-5-year period in our study. Differences in methodology and reasons explained above in monocyte chemotaxis could be responsible for the differences between these two studies. It is of interest that Al-Nakeeb et al. (1) using a different method for measuring chemotaxis noted a similar age dependency.
Chemotactic indices (chemotaxis/random migration) for both distance and cell count were also found to be significantly lower than adults before the 6-10-year age group. This finding leads to the suggestion that neutrophil orientation to chemotactic gradient might be defective during this period as suggested by Miller and Cheung (17) .
The Boyden chamber and the agarose methods showed good
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Chemotact~c index for cat( counts. Fig. 3 . Development of neutrophil chemotactic index (chemotaxis/random migration) in childhood correlation in this study. In addition, cell count and distance measurements correlated well in the agarose method; however, the agarose method and cell count determination seemed to be the most sensitive. Although neither the agarose nor the filter method can provide direct data for cell/cell interactions and kinetics of individual cell movement, they are easy, rapid, and reproducible methods suitable for clinical studies. Both the speed and number of phagocytes migrating to the invasion sites is important in prevention or control of infection, therefore determining both distances and cell numbers whereas evaluating chemotaxis seems to be more appropriate.
In the agarose method differences between adults and newborns were more marked in reference to cell counts than to distance measurements (Fig. 2) . In addition, the observation of significantly high distance/cell count ratio in newborns when compared with adults in the agarose method suggested that the proportion of actively moving cells rather than speed is depressed during the neonatal period.
Al-Nakeeb et al. (1) reported a significant difference between 0-6-and 6-15-year-old !g;oups in neutrophil random migration. In our studv no difference was found between adults and newborns in the ~o~d e n chamber and distance measurements by the agarose method as reported by others (15, 19) , but cell counts were significantly lower in newborns and before 6 months of age. This finding stresses the necessity of a combined application of different methods and evaluation types in determining the locomotor capacity of neutrophils.
The mechanism of diminished locomotor capacity of neutrophils and monocytes in the early childhood period is unclear. Decreased membrane deformability of neonatal PMNs may explain the decreased chemotactic activity but the precise mechanism of this is also unexplained (16). Das et al. (6) noted energy dependent enzymatic defects in mononuclear leukocytes during the neonatal period. A maturational defect in energy production may interfere with energy dependent functions such as chemotaxis. Microtubule system dysfunction, which has been shown recently with concanavalin-A capping studies, in newborn neutrophils may be an explanation (10, 20, 23) , but further studies are needed for determining whether this represents a primary membrane abnormality or reflects a defect of cytoskeletal or other submembranous components.
Bellanti et al. (2, 3) demonstrated that there is a morphologic, biochemic, and functional maturational period both in PMNs and monocyte macrophage line. Decreased surface receptors, immature actin-myosin or cyclic nucleotide systems, which have not been investigated, may also be responsible.
Decreased PMN and monocyte chemotactic activity observed in the early childhood period may play an important role in contributing to the susceptibility to infection by diminishing the rapidity and quality of nonspecific inflammatory reactions or by failing to participate in the specific immune response.
